In this work we report on some observables associated with the annihilation of dark matter, modeled as a spin one real field in the antisymmetric tensor representation. This formulation has the interesting feature that stability is achieved without the introduction of ad hoc symmetries, as reported by Cata and Ibarra in 2014. In this model, the coupling to photons occurs through a Higgs portal term. The expression for the cross section in the photon scattering is calculated as well as their energy and the gamma ray flux.
Introduction
There is overwhelming astrophysical evidence for the existence of non-luminous, non-baryonic matter in the universe, with gravitational interactions leaving an observable imprint at many different scales, from galaxy rotational curves to gravitational lensing and the power spectrum of the CMB (Trimble, 1987) , (Freese et al., 2000) , (Canetti et al., 2012) .
The prevailing paradigm for explaining this wealth of evidence is Cold Dark Matter, where the gravitational signal is produced by matter particles that were non-relativistic at the time where galaxy formation started -although a plethora of alternatives is considered (Bertone et al., 2005) . It is, of course, possible that there is more than a single component of dark matter.
Particle dark matter models have to consider the coupling of the new particles to the Standard Model. In order for particle dark matter to explain the astrophysical observation, we require that it be stable on cosmological scales, since it has survived to the present. It could be absolutely stable or simple be longlived. When model-building, this stability is very often insured by fiat, imposing an ad hoc symmetry.
On the other hand, all the particles in the Standard Model transform in just three low-dimensional representations of the Lorentz group, as scalars, Dirac spinors and vectors. These, however, are not the only possibilities consistent with our principles. At present, we don't have fundamental principles to fix the matter content of quantum field theories; therefore, all possibilities should be explored.
Correo electrónico: selim 11 gomez@uaeh.edu.mx (Selim Gómez-Ávila ) It has been pointed out that in a dark matter model making use of an unusual spin one chiral Lorentz group representation, stability can be achieved through the symmetries already present in the Standard Model (Cata and Ibarra, 2014) . For this reason, this is a very economical model for dark matter.
In this work, we study the indirect detection signal coming from annihilation of a spin one particle in the chiral representation into SM particles.
The main observable to discuss is the gamma ray flux, but because of the dark matter particle properties, a direct photon interaction is absent (Gaskins, 2016) , so it is necessary to study second order contributions.
In Sec. II, the model is discussed as well as the corresponding processes that are going to be analyzed. In Sec. III the main results are presented, the cross section, the resulting photon energy and the gamma ray flux. In Sec. IV, the conclusions are presented.
Chiral spin one dark matter
Spin one matter fields in the chiral representation (1, 0) ⊗ (0, 1) of the Lorentz group can be studied in an antisymmetric tensor (Cata and Ibarra, 2014) or a sixtor (Napsuciale et al., 2016) representation. If the field is complex, i.e., if there is a dark sector with new gauge interactions, the coupling with the Standard Model can occur via a multipole interaction (Hernández-Arellano et al., 2018) . In this work we consider a singlet dark matter field.
The dark matter particle introduced with quantum numbers J PC = 1 +− , transforms as a singlet under the SM symmetries which induces a Z 2 symmetry to ensure its stability.
The Lagrangian for the model (Cata and Ibarra, 2014) can be expressed as the sum of the Standard Model Lagrangian, the dark matter Lagrangian, and a DM-SM Lagrangian. The first one is of course known, while the second and third (after symmetry breaking) ones are given respectively by
where B µν represents the dark matter antisymmetric tensor field,λ B and c B are the coupling constants and, as m B , are free parameters and v is the Higgs field expectation value (v 246.22 GeV).
It is possible to construct a very rich self-interaction structure for the dark matter particle (Napsuciale et al., 2016) . This could be important for the study of structure formation and other cosmological and astrophysical observables. In the present work, we focus only on the couplings with the SM.
The coupling with two photons is forbidden for spin-1 particles (Yang, 1950) (Landau, 1965) at tree level. In any case, because of the reality condition on the spin one field, the interaction terms with photons in the model vanish. So by using the second term in (2), the only way to get photons is by adding a quark loop.
The effective Lagrangian describing the final states is
where α = 1/137, κ γ and κ zγ are the effective coefficients which can be expressed in terms of the Standard Model coupling modifiers (Tanabashi and et al PDG, 2018 )
In the SM, this modifiers can be approximated to 1, and consequently κ γ = κ zγ = 1.
γ signals
As shown in the last section, there are two possible processes with γs final state through the Higgs portal, BB → γγ and BB → Zγ.
The cross section for each one of the channels reads respectively 
Comparing the values calculated with the ones obtained for the total cross section at tree level (Cata and Ibarra, 2014) , the cross section calculated here is reduced by a factor of (α/π) 2 5.4 × 10 −6 . It is interesting to note that they have the same form. The behavior of the cross section for each one of the available processes is shown in Fig.1 and in Fig.2 for different dark matter masses, including their resonances. As for the photon energies, they depend on the variable s, and m Z for the BB → Zγ case. The energies are similar, with a difference of the order of the Z mass. The only dependence from the dark matter mass comes from the range of s, with greater masses, greater will be the resulting photons energies as m H /2 ≤ √ s ≤ 5m B , and so, the photon energies are between 0.01 TeV≤ E γ ≤ 12.5 TeV, which can be considered as gamma rays.
To calculate the gamma ray flux, the treatment shown in Harding and B. (2015) is followed, by using the equation
where σ A v is the annihilation cross section and it can be cal-culated from (Gondolo and Gelmini, 1990) , dN γ /dE is the spectrum of gamma rays coming from the WIMP annihilation (Bergstrom et al., 2005) and ρ is the density profile integrated over the line of sight, where r g is the distance to the dark matter source. Using the data from Table 1 , integrating (7) over a circular region with a solid angle of ∆Ω 2.4 × 10 −4 sr, the photon flux coming from the dark matter annhilation in terms of the particle mass is as shown in figure 4 for several density profiles. The density profiles used are Einasto, Navarro-Frenk-White, Isothermal and Moore. The Moore density profile displays the highest gamma ray flux.
Comparing with the photon flux obtained from processes such as BB → bb, τ + τ − , W + W − , the one obtained here is smaller than the reported in (Abdo and et al., 2010) (Abramowski and et al., 2012) (Ackermann and et al., 2010) . More sensitivity is needed in the detectors in order to distinguish this flux from the galaxies background.
Conclusions
In this work we explored some of the observable consequences of a very economical model for dark matter which uses an unusual spin one chiral representation of the Lorentz group. So far, this has proven to be a viable candidate.
The identity of dark matter is one of the most important open questions of contemporary particle physics. Many candidates have been considered in the literature, some of them wellmotivated by other open problems, like the hierarchy problem in the case of neutralinos, or CP violation in the case of axions. An interesting feature of the model studied in this work is that ad hoc symmetries are not needed to obtain a stable dark matter particles.
Since ground-based and orbital observatories like HAWC and FermiLAT are sensitive to a very wide range of photon energies, gamma ray signals from the annihilation of dark matter are promising observables. The predictions obtained are in line with those of singlet scalar dark matter. A next logical step is studying the spin-dependent contributions to direct detection in underground experiments.
